In connection with our ongoing studies on electroactive compounds adsorbed onto metal surfaces, 1 we were interested in constructing simple thiol-tethered benzoquinones 3 and chose as a convenient starting material 2,3-bis(bromomethyl)-1,4-dimethoxybenzene 2 (Scheme 1). Although this compound was first obtained as early as 1959 as a minor byproduct in the monobromination of 1, 2 and some nine years later in good yield by dibromination of 1, 3 these and all subsequent preparations of 2 have been conducted using N-bromosuccinimide (NBS) in carbon tetrachloride as solvent. Since this solvent is now essentially unavailable due to restrictions on its use under the Montreal Protocol, we were forced to examine alternative solvents and describe herein a detailed study on the regioselective bromination of 1 resulting in the identification of 1,1,1-trichloroethane and benzotrifluoride as suitable alternative solvents for formation of 2 as well as the formation, full characterisation and single crystal X-ray structure of a new dibromide isomeric with 2. In addition, conversion of 2 into sulfur-functionalised benzoquinone derivatives is described. Because of the two activating methoxy groups, compound 1 is reactive towards electrophilic ring bromination as well as radical bromination of the two methyl groups and previous studies have reported the formation of various mono-, di-and tribrominated derivatives. The earliest derivative, the mono ring-brominated product 4 was reported in 1944 from reaction of 1 with bromine in chloroform, 4 and is also formed by the reaction with bromine in acetic acid 5 or hexafluoropropan-2-ol 6 and with NBS in dichloromethane. 7 In the first attempt at radical bromination, 2 reaction with NBS in the presence of benzoyl peroxide in boiling carbon tetrachloride for 1 h gave a 60% yield of the mono bromomethyl compound 5 accompanied by 9% of the dibromide 2. It was noted that the NBS had to be dry otherwise ring bromination to give 4 would occur, and use of a sample of 1 slightly contaminated by the methoxyphenol resulting from incomplete methylation in its synthesis gave 4 as the only product in 60% yield. Most of the reported syntheses of 2 from 1 have used the conditions originally reported by Horner and coworkers 3 involving at least 2 equivalents of NBS and catalytic benzoyl peroxide in boiling carbon tetrachloride to give the product in 71-99% yield, [8] [9] [10] [11] [12] [13] although initiation by AIBN 14 and photochemically 15 have also proved effective. The ring dibromo compound 6 has been prepared by treatment of 1 with two or more equivalents of bromine in chloroform, [16] [17] [18] and this could then be further brominated on the two methyl groups to afford 7 using NBS in CCl4. 16, 17 The first report of the tribromo compound 8 was in 2001 when it was formed in low yield by treatment of 1 with 2.5 equivalents of NBS with benzoyl peroxide in boiling carbon tetrachloride for 24 h, 19 and its preparation on a 200 g scale was later reported using 4 equivalents of NBS in CCl4 with visible light irradiation giving a 51% yield. 20 Neither of the possible unsymmetrical dibrominated derivatives 9 or 10 nor the A R T I C L E I N F O A B S T R A C T remaining possible tribromo compound 11 have so far been reported.
Scheme 2: Possible brominated derivatives of 1
We began by conducting a trial experiment in carbon tetrachloride using conditions similar to those reported by Horner and coworkers 3 and were able to confirm that the major product was 2 ( Table 1 , entry 1). However NMR analysis of the crude reaction product showed the presence of two additional compounds which could be separated from 2 by column chromatography: the tribromide 8 and a dibromide resulting from one ring bromination and radical bromination of only one methyl group which was thus either 9 or 10. 21 In order to distinguish between these alternatives an HMBC study was carried out. Comparison of the 13 C NMR spectra of 1, 4, 2 and 8 shows that ring bromination results in differentiation of the two C-OMe carbons with the one ortho to Br coming around 149 ppm while the one meta to Br comes at 154 ppm. Based on this pattern, the HMBC coupling of the CH2Br protons at δH 4.57 with δC 154.0 but not 149.3, and the methyl protons at δH 2.37 with δC 149.3 but not 154.0 clearly favours structure 9 but this is not unambiguous since it depends on the assignment of the two C-OMe carbons.
More convincing evidence for structure 9 was provided by the observation of a weak HMBC coupling of the ring proton at δH 6.92 with the CH2Br signal at δC 25.7 but not the methyl signal at δC 12.3. The matter was finally resolved by a single crystal X-ray diffraction study which confirmed the structure to be 9 ( Figure  1 ).
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Figure 1: X-ray structure of 9 (ORTEP diagram at 50% level)
In the crystal structure the molecular dimensions are in good agreement with those determined for the tribromo compound 8 20 and there are weak intermolecular OCH2-H … O and OCH2-H … BrCH2 interactions, similar to but less extensive than those reported for 8.
With each of the reaction products identified we examined the effect of varying the reaction solvent in the hope of identifying solvents which would allow the high yielding preparation of 2 from 1 and NBS but not suffer from the availability problems of CCl4. Dichloromethane was discounted since it has been reported to give only the ring bromination product 4, 7 and this was also found to be the case for chloroform. In previous work where there was a problem of selectivity between ring and side-chain bromination in diethylthiazoles using NBS, we found 1,1,2-trichlorotrifluoroethane ("Arklone") to be a suitable substitute for CCl4, 23, 24 but surprisingly this was not the case here. Compound 1 was recovered unreacted after prolonged treatment with 2.1 equiv. of NBS and either benzoyl peroxide or AIBN at reflux in this solvent. Two solvents were found that gave more promising results: 1,1,1-trichloroethane or methylchloroform (also a Montreal Protocol restricted solvent) and -trifluorotoluene or benzotrifluoride. 25 The results obtained using these are summarised in Table 1 . Simply substituting trichloroethane for CCl4 gave an identical crude product composition and after chromatographic purification led to a slightly improved yield of 2 (entry 2). By varying the conditions with this solvent, conditions were found to maximise the yield of each product and thus isolate each of 8, 9 and 4 (entries [3] [4] [5] . Increasing the amount of NBS gave the tribromide 8 while ring bromination was favoured by using photochemical initiation rather than benzoyl peroxide with 4 formed after 1 h which reacted further to give 9 after 3 h. The initial attempt using benzotrifluoride and conditions otherwise similar to before gave only ring bromination (entry 6) and prolonging the reaction time (entry 7) led to 4 being further brominated to 8 and 9 but none of the desired dibromide 2 was formed. Increasing the amount of NBS (entry 8) had no effect and 4 was still the only product. Success was finally achieved by increasing the reaction temperature to the boiling point of 102 C, and conducting the reaction under reflux (entries 9 and 10) gave a substantial amount of 2 in a mixture with 8 from which it was readily isolated by recrystallisation. Finally, photochemical initiation was also tried in this solvent (entry 11) but this gave mainly the tribromide 8.
Using benzotrifluoride, multigram quantities of compound 2 were prepared and so we have been able to investigate introducing sulfur functionality as well as unmasking the latent quinone. In connection with our previously reported method of directly constructing dihydrotetrathiafulvalenes by 1,3-dipolar cycloaddition to the strained double bond of norbornenes, 26 the formation of bicyclo[2.2.1] derivatives was also of interest (Scheme 3). Oxidative removal of the O-methyl groups to give the quinone function was achieved by treatment with ceric ammonium nitrate (CAN) in aqueous acetonitrile 12 and this could be done before or after introduction of sulfur in the form of a thiocyano group. 27 Thus the reaction of 2 with potassium thiocyanate in ethanol gave 14, 21 and CAN treatment of either 2 or 14 gave the rather unstable quinones 12 and 15, 21 respectively, which were converted into their Diels Alder adducts 13 and 16 21 by reaction with cyclopentadiene. Conversion of 13 into 16 by reaction with KSCN was demonstrated but proceeded in low yield and the route from 2 via 14 and 15 to 16 is clearly preferable. It has been reported 24 that treatment of carbocyclic compounds bearing adjacent CH2SCN groups with sodium borohydride results in reductive removal of cyanide and oxidative cyclisation of the resulting dithiol to give the sixmembered ring 1,2-dithiin. This form is suitable for direct adsorption onto the surface of a metal such as gold. Since this reductive method is not compatible with the presence of a quinone, it was carried out with the methoxy groups still in place and 14 was converted into 17 21 in good yield. Unfortunately however attempted removal of the O-methyl groups from 17 using CAN as before instead resulted in S-oxidation to give the dithiin monosulfoxide 18 in impure form. 21 In conclusion, conditions have been developed to obtain four different brominated products, including the previously unknown dibromide 9, from reaction of compound 1 with Nbromosuccinimide in solvents other than the problematic CCl4. Benzotrifluoride is a satisfactory sustainable and nonenvironmentally damaging solvent for the production of the symmetrical dibromide 2, and this product has been further transformed into several sulfur-containing intermediates aimed towards the synthesis of electroactive organic compounds suitable for direct adsorbtion on metal surfaces.
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